Hypothyroidism is among the most frequent chronic diseases in the elderly, and levothyroxine (L-T4) is worldwide within the 10 drugs more prescribed in the general population. Hypothyroidism is defined by increased serum thyroid-stimulating hormone (TSH) values and reduced circulating free thyroid hormones, whereas subclinical hypothyroidism (sHT) is characterized by free hormone fractions within the normal ranges and has been divided into two classes, depending on circulating TSH levels (above or below 10 mIU/L). Given that during aging, a natural trend toward higher values of circulating TSH has been reported, it is necessary to verify carefully the diagnosis of sHT to tailor an appropriate follow-up and ad hoc therapy, avoiding unnecessary or excessive treatment. In the current review, we evaluate the state of the art on hypothyroidism in the elderly with special focus on the effect of sHT on cognition and the cardiovascular system function. We also summarize the recommendations for a correct diagnostic workup and therapeutic approach to older people with an elevated TSH value, with special attention to the presence of frailty, comorbidities, and poly therapy. In conclusion, personalized therapy is crucial in good clinical practice, and in the management of older patients with sHT, multiple factors must be considered, including age-dependent TSH cutoffs, thyroid autoimmunity, the burden of comorbidities, and the possible presence of frailty. L-T4 is the drug of choice for the treatment of hypothyroid older people, but the risk of overtreatment, potential adverse drug reactions, and patient compliance should always be considered and thyroid status periodically reassessed. The demographic growth in Western countries in the last decades has led to more people .65 years of age. It is estimated that in Italy (the second-oldest world population after Japan), subjects aged .65 years represent 22%, and .80 years are 6.7% of the overall population, with numbers expected to double in 25 years [1] . Thyroid diseases are frequent among the several chronic illnesses observed in the elderly, and in this review, we analyze the impact of hypothyroidism and its management in older people, especially the oldest old (.80 years).
Such a condition is associated with a global mortality increase and an increased incidence of cardiovascular events; therefore, replacement therapy with levothyroxine (L-T4) is advisable and necessary [2] . However, sometimes, thyroid failure is of a mild degree, and caution needs to be taken in planning the diagnostic and therapeutic approach, particularly in the oldest old patient [3] . Subclinical hypothyroidism (sHT) is characterized by increased TSH values in the face of circulating FT 3 and FT 4 values within the normal range [3] . According to the results of large trials and meta-analyses available in scientific literature [4] [5] [6] [7] [8] , the 2013 European Thyroid Association guideline split sHT into two distinct categories, based on cutoffs of circulating TSH values, respectively, between 4 and 10 mIU/L or .10 mIU/L [9] .
The prevalence of overt hypothyroidism in the general population varies between 0.2% and 5.3% in Europe and between 0.3% and 3.7% in the United States, possibly in relation to different iodine intake [10] . According to the data from the National Health and Nutrition Examination Survey (NHANES III), the overall prevalence of hypothyroidism is 4.6%, with 0.3% for the overt and 4.3% for the subclinical type. The NHANES III study confirms hypothyroidism as the most frequent thyroid disease among the older population, with a greater prevalence in women [11] . Longitudinal studies conducted in the United Kingdom show an incidence of hypothyroidism ;3.5% to 5% [12] . sHT has a variable incidence, depending on different cohorts [13] : 7.5% in the Wickham study [12] ; ;21% in women; and 16% in men in the Colorado study [14] . The NHANES III data demonstrate that circulating TSH levels increase with aging, as well as antithyroid autoantibodies; the percentage of subjects with TSH levels .4.5 mIU/L rises to 14% in the population aged 85 and above, confirming the higher prevalence in white women [11] . It is worth noting that in a British cohort of 6000 subjects aged .65 years, the prevalence of overt hypothyroidism was ;2%, but the prevalence of sHT was lower than that generally reported in literature, at ;2.9% [15] . Data from the same group have previously shown a prevalence of sHT of 11.6% in women and 2.9% in men .60 years in the same geographic area [16] . The authors explain the gap in the data, only 10 years apart, with a possible better screening campaign and wider information, as well as with an earlier treatment of sHT [17] . Indeed, the large prescription of L-T4 therapy in Western countries may reduce the crude prevalence of sHT in epidemiological surveys, evaluating only serum TSH levels of the examined population. In this setting, data from the Medicines Utilization Monitoring Centre have demonstrated that L-T4 is within the 10 drugs more prescribed among the general population in Italy, in line with worldwide projections [18] .
To differentiate sHT from the age-related physiological modifications of the hypothalamuspituitary-thyroid axis, it is crucial to consider the most frequent pathogenetic mechanisms of thyroid failure in older people. Although hypothyroidism, secondary to surgical and medical procedures (thyroidectomy or radioiodine treatment) with suboptimal L-T4 replacement therapy, should be not overlooked, chronic autoimmune thyroiditis (Hashimoto thyroiditis) is the most frequent cause of (subclinical) hypothyroidism in the elderly [19, 20] . Hashimoto thyroiditis is characterized in almost 90% of the cases by the presence of antithyroglobulin (TgAb) and antithyroid peroxidase (TPOAb) autoantibodies. These antibodies are not cytotoxic themselves; therefore, the thyroid cellular damage is supposed to be driven by T-lymphocytes (CD8 + ) [21] . The dosage of TPOAb is the most sensitive test to determine the presence of antithyroid autoimmunity and gives information about the progression toward overt hypothyroidism, which shows a higher incidence in patients who are TPOAb positive (4.3% per year) compared with the negative ones (2.6% per year) [21, 22] . However, when the presence of serum-positive TPOAb titers has been demonstrated, repeated measurements do not add much useful information in the monitoring of individual patients, as levels of TPOAb vary in parallel with TSH [23] . In the NHANES III study, 13,000 healthy subjects have been followed up and monitored by consecutive dosage of circulating FT 3 , FT 4 , TSH, TgAb, and TPOAb; among them, 10% resulted in TgAb and 11% in TPOAb positive [11] . However, in almost 20% of sHT subjects, the dosage of both TPOAb and TgAb may be negative; in these cases, thyroid ultrasound examination, showing the typical tissue inhomogeneity and hypoechogenicity, is supportive for the diagnosis [24] . Another important cause of hypothyroidism in the elderly is iatrogenic. Indeed, several classes of drugs contribute to reduce thyroid function, such as the following: thyrostatic medications (methimazole, perchlorate, and propylthiouracil), tyrosin-kinase inhibitors, b-blockers, interferon-a, IL-2, lithium, and ethionamide. Usually, iatrogenic damage is transient and reversible when the drug is withdrawn. In these cases, periodic monitoring of thyroid function is recommended, at least twice per year. Drugs interfering with L-T4 absorption are also a frequent cause of hypothyroidism, despite proper replacement therapy, especially in the elderly [19] .
The Hypothalamus/Pituitary/Thyroid Axis in the Elderly
Circulating TSH levels in healthy subjects vary according to the circadian rhythm and respond with logarithmically amplified variation to minor changes in serum FT 4 and FT 3 values. Thus, abnormal serum TSH may indicate that serum FT 4 and FT 3 are not normal for an individual [25] . In light of that, serum TSH is a sensitive marker of thyroid function, with increased values indicating a reduced function and vice versa for lower TSH levels [20] . However, complex modifications of the hypothalamus/pituitary/thyroid axis and of the peripheral thyroid hormone metabolism have been described in euthyroid older people [26] [27] [28] . With the exclusion of pathologic conditions, the aging process is characterized by a reduced iodine absorption and organification and a lower response to TSH, leading to reduced thyroid hormone production [29] [30] [31] . Moreover, in the oldest olds, the nocturnal surge of TSH is partially or completely lost, and the inhibitory effect of corticosteroids is attenuated [25, 28, 32] . However, there are conflicting results regarding the age-dependent TSH variation: few previous studies (generally case control) have shown a tendency toward lower TSH circulating levels in individuals .75 to 80 years of age and in centenarians [26, 33] . On the other hand, further population studies have demonstrated an opposite tendency, with circulating TSH levels rising with the aging process: in the population .80 years of age, the upper limit at the 95% interval of confidence was .6.0 mIU/L, reaching 8.0 mIU/L in over-90s [34] [35] [36] (Fig. 1) . Initially, the reduced TSH levels in centenarians were interpreted as a centrally mediated way to avoid excessive catabolism and promote "physiological aging." However, it is important to distinguish this condition from the "low triiodothyronine (T 3 ) syndrome" or "euthyroid sick syndrome" (not rare in the elderly as a result of the high prevalence of comorbidities), where circulating levels of TSH and T 3 are reduced, whereas reverse T 3 is increased as a response to acute and systemic diseases. Indeed, the low T 3 syndrome is associated with reduced physical function and worse prognosis, both quoad vitam and quoad valetudinem [28, 37] . It is widely accepted that some of the aging effects are similar to those seen in the case of mild thyroid failure and are associated with reduction of the basal metabolism [38] . However, it is still a matter of debate whether the reduced thyroid function in the elderly (as a result of either reduced pituitary gland secretion or reduced hormone production) is just a consequence of a reduced metabolic request or instead represents a real protective condition against the increased catabolism seen in the aging process [38] . On that matter, a study conducted in North Europe has documented the potential role of genetics in longevity, which correlated with thyroid function. In particular, the offspring of 90-year-old subjects showed reduced FT 3 circulating values and a better metabolic profile compared with their partners with less long-lived parents [31] . Likewise, a cohort study, carried out in a population of Southern Italy, has documented reduced levels of TSH and FT 3 in centenarians' grandchildren compared with an age-matched control group [39] . Moreover, several huge cohort studies have demonstrated that the distribution of serum TSH levels shows a tendency to increase in relation to the age and that the extreme longevity is associated with a further increase of TSH levels, at least in the Ashkenazy population [40, 41] . Nonetheless, a recent report from the Rotterdam study, carried out on .9000 healthy home-dwelling subjects, does not confirm this trend, showing instead a progressive reduction of mean serum TSH and a concomitant rising of TPOAb values with increasing age [42] . To understand better those apparent contradictions, it is worth noticing that with the aging process, some complex changes in the thyroid functional status may occur, which cannot always be spotted just from a TSH dosage, i.e., changing in the TSH bioactivity, in the thyrocyte sensitivity to TSH, in thyroid hormone metabolism, as well as in the receptors and cofactors modulating the response to T 3 input. Moreover, compared with young adults, the elderly presents a reduced response to TRH, as well as a reduced TSH circadian variation and an attenuated steroidalmediated inhibitory effect [27, 43] . Finally, with the aging process, a reduced cellular ability to capture iodine and secrete thyroxine (T 4 ) and a reduced hormonal clearance rate have been described [26] . Overall, these data show how the aging process is characterized by a downregulation of the hypothalamus-pituitary-thyroid-peripheral-tissues axis, although it is yet to be established whether these changes reflect an adaptive mechanism to reduced metabolic functions or instead, represent a protective mechanism to preserve the body from excessive catabolism. Finally, the circulating TSH variability, besides being a consequence of the aging process, could be the expression of actual thyroid pathology, especially in the case of positive TPOAb and TgAb titers. With the knowledge of the extreme variability of thyroid hormone physiopathology in the elderly, it is crucial to avoid a superficial diagnosis and therefore, inappropriate treatment [44] . In light of that, the clinical relevance of sHT is still under debate, especially in the case of a slight serum TSH increase (,10 mIU/L) that is particularly relevant in the therapeutic management of the older population [44] .
sHT and the Cardiovascular System
Thyroid hormones exert an important metabolic function across adulthood and in the aging phases [45] . Thyroid hormones are involved in the regulation of the oxygen consumption and heat production; moreover, they facilitate cellular glucose uptake, enhancing glycogenolysis and glycogenosis with a specific contrainsular activity [45] . The cardiovascular system is partly influenced by thyroid function: thyroid hormones are necessary for a correct protein synthesis, modulate the adrenergic system activity, and regulate the vascular peripheral resistance [20] . However, the effects and the clinical significance of sHT on the cardiovascular system are still under debate; they are usually recognized in young adults, whereas more conflicting results have been obtained in the elderly [4, 13, 46, 47] . Unfortunately, no randomized clinical trials evaluating the effect of L-T4 therapy on cardiovascular outcome in old and very old patients with sHT are available yet, leaving the decision about such a treatment without a clear and widely approved consensus [4, 48] . Overt hypothyroidism determines changes in myocardial contractility, vascular resistance, and endothelial function, which are usually reversible with adequate treatment [4] . sHT exerts similar but milder effects; thus, a potential role of such a condition in the trajectory of cardiovascular diseases could be not excluded a priori [4] . In a recent large study, the possible relationship between sHT in the elderly and the metabolic syndrome, either in prevalence or incidence, has been evaluated longitudinally [5] . Over 2100 patients have been included in the study; among them, 687 had metabolic syndrome at baseline. For over 6 years of follow-up, 239 further subjects developed metabolic syndrome; the presence of serum TSH levels .10 mIU/L was associated with higher odds of prevalent metabolic syndrome [5] . The relationship between mild thyroid disorder and heart failure (HF) has been evaluated too, and an increased risk, particularly for TSH levels .10 mIU/L, has been shown in several studies [4] . The Prospective Study of Pravastatin in the Elderly at Risk study evaluated a cohort of subjects aged 70 to 82 years with known cardiovascular risk factors; an association between sHT and HF was detected over 3.2 years of follow-up (only at TSH threshold .10 mIU/L), whereas no association was found with cardiovascular events or mortality except in those with TSH higher than 10 mIU/L and not taking pravastatin [6] . Likewise, a meta-analysis of six prospective cohort studies, with individual data on .25,000 patients with 216,248 person-years of follow-up, showed an increased risk of HF events for patients with both higher and lower TSH levels, particularly for TSH $10 and ,0.10 mIU/L [7] .
sHT and coronary heart disease are also linked, although with conflicting results, and a positive association is generally observed in the youngest population only [4] . Indeed, a large, prospective cohort study on 3233 subjects older than 65 years did not show any relationship between cardiovascular disorders and sHT, apart from an association with the development of atrial fibrillation [43] . Accordingly, a large meta-analysis showed increased mortality and risk of ischemic cardiac disease in patients with sHT younger than 65 years only [49] . However, another large meta-analysis of 11 prospective studies, with collected data from 55,287 subjects over 35 years of follow-up, after adjusting for sex and age, still demonstrated a higher risk of coronary heart disease events and mortality in sHT subjects, particularly in those with serum TSH .10 mIU/L [5] .
sHT and Cognition
The involvement of thyroid hormones in the correct brain development and cognitive performance is well known. The role of hypothyroidism on cognition in the elderly has been widely questioned, and few studies have been conducted to evaluate the effect of overt and sHT on cognitive function with inconsistent results [50] . Data from the Framingham study, aiming to relate serum TSH levels to the risk of developing Alzheimer's disease (AD) over an average of 12.7 years of follow-up, showed that women in the lowest (,1.0 mIU/L) and highest (.2.1 mIU/L) tertiles of serum TSH concentration were at increased risk for AD [multivariate-adjusted hazard ratio, 2.39 (95% confidence interval, 1.47 to 3.87)], whereas no increased risk was found in men [51] . In analyses limited to participants with serum TSH levels of 0.1 to 10.0 mIU/L, the U-shaped relationship between thyrotropin level and AD risk was maintained in women but not when analyses were limited to those with TSH levels of 0.5 to 5.0 mIU/L.
Other studies have reported rather negative results, instead. In a longitudinal study conducted on a population of 1077 elderly subjects (aged 60 to 90 years), cognitively normal, no association was identified between TSH or thyroid hormones and hippocampal atrophy or risk of developing AD [52] . In the Health, Aging and Body Composition Study, an elderly population (70 to 79 years of age) was assessed to evaluate the incident-adjudicated dementia and change in the cognitive performance; among the whole population, over 9 years of follow-up, the risk to develop dementia was found increased in sHT but not in sHT [53] . Accordingly, a recent meta-analysis aiming to evaluate the risk of cognitive impairment and dementia in mild thyroid dysfunction showed an association between sHT and risk of developing dementia, whereas such risk was not found in sHT [54] . Interestingly, another recent meta-analysis from 13 studies demonstrates a substantial relationship between sHT and cognitive impairment only in individuals younger than 75 years of age and those with higher TSH concentrations, whereas no correlation was found while considering all of the studies as a whole [55] . The authors conclude that the lack of use of age-related serum TSH reference ranges and consequent potential misdiagnosis of sHT in older people may account for this. Thus, with the consideration of the important role of thyroid function in the central nervous system and the lack of homogenous results, it would be interesting and crucial to widen the age range of the studies or set up long-term longitudinal studies to evaluate better if, when, and how mild thyroid failure could increase the risk of cognitive impairment, allowing clinicians to evaluate the therapeutic approach better.
Treatment of Hypothyroidism and sHT
The fundamental clinical principle in the case of glandular deficiency is replacement therapy, while available; in the case of overt hypothyroidism, the treatment of choice is L-T4 replacement therapy, also in the elderly [56] . It has been widely demonstrated that the resolution of hypothyroidism leads to release of related symptoms (i.e., fatigue, increased sensitivity to cold, constipation, dry skin, weight gain, puffy face, hoarseness, muscle weakness, etc.), as well as the improvement of cardiovascular, executive, and cognitive functions [44] . More caution should be considered while discussing the clinical management of sHT, especially in patients older than 75 to 80 years. The results of many studies have shown that L-T4 replacement therapy could be indicated in patients with TSH values .10 mIU/L, as they are at an increased risk of developing health disorders [4] [5] [6] [7] [8] . Beside the serum TSH cutoff value, clinicians should be advised to decide on a case-by-case basis, particularly if patients have other risk factors for cardiovascular disease and encompass signs and symptoms possibly associated with sHT. In this setting, it should be considered that sHT is seldom symptomatic in the elderly, and symptoms are generally nonspecific and poor predictors of actual thyroid status. Moreover, with prescriptions of new drugs, older people should be evaluated also in terms of the presence of frail syndrome and comorbidity [44] . In fact, the goal of treatment and the balance between benefits and risks may change depending on the specific needs of the patients, and also, the prescription of L-T4 replacement therapy should be tailored on the patient's clinical characteristics.
Overall, in managing older patients with sHT, we should consider the values of TSH and their trend over time, and international guidelines suggest a cutoff of 10 mIU/L and a double check of TSH level (within 3 and 6 months) before treatment is recommended [9, 19] . Beside serum TSH cutoff levels, the presence of symptoms and signs of hypothyroidism should be checked before starting any treatment [9] . Unfortunately, the identification of the clinical pattern of hypothyroidism in the elderly is quite challenging for the presence of unspecific symptoms (i.e., fatigue, cognitive alterations, sleep disturbances, constipations, etc.), especially in frail older patients with comorbidity [57] . According to these considerations, a comprehensive, multidimensional geriatric assessment [58] may be helpful in the clinical approach to older patients with increased serum TSH values [44] . Moreover, it is conceivable to perform a complete thyroid function assessment, including either laboratory tests (FT 3 , FT 4 , TgAb, TPOAb) or ultrasound examination, to recognize an actual thyroid disease (e.g., autoimmune thyroiditis, gland atrophy, etc.), which may imply permanent TSH elevation or an increasing trend. Moreover, it is crucial to collect an accurate pharmacological history and evaluate whether the patient is receiving treatments affecting thyroid function (e.g., amiodarone, etc.), especially in the elderly with several comorbidities. However, it is worth noting that the "physiological" age-related increase of serum TSH values usually does not reach levels .7 to 8 mIU/L [59] .
In this setting, a double-blind, randomized, placebo-controlled, parallel-group trial, involving 737 older patients with persistent sHT (mean age 74.4 years, 53.7% women), was recently performed to verify the efficacy and safety of L-T4 therapy [47] . The two primary outcomes were the change in the Hypothyroid Symptoms score and Tiredness score on a thyroid-related, quality-of-life questionnaire at 1 year. The mean entry TSH level was 6.40 6 2.01 mIU/L. At 12 months, the mean TSH level was 5.48 6 2.48 in the placebo group compared with 3.63 6 2.11 mIU/L in the treatment group. No differences in terms of symptoms of hypothyroidism and quality of life (QoL) were observed between the treatment and placebo group. On the other hand, no substantial excess of serious adverse events prespecified as being of special interest was reported. The authors conclude that treatment with L-T4 in older persons with sHT provided no symptomatic benefits. However, few participants had a baseline TSH level .10 mIU/L, the symptom levels at trial entry were low, and the trial was underpowered to detect any effect of L-T4 on the incidence of cardiovascular events or mortality. Finally, the circulating antithyroid autoantibody titer was not assessed, and antibody-positive patients are more likely to have progressive hypothyroidism; therefore, they may be more likely to have a benefit from long-term L-T4 therapy [47, 60] . However, data on large, randomized trials on L-T4 treatment in antibody-positive older patients are not available yet, and the presence of autoimmunity may lose its clinical impact in frail older patients in whom L-T4 therapy is not recommended at all (Table 1) . Nonetheless, in our opinion, in the clinical management of older people with sHT, physicians should take into account not only the TSH cutoff value but also the presence of positive antithyroid autoantibody titers, as well as chronic comorbidities, especially if potentially impaired by hypothyroidism, such as HF [48] . Moreover, particular attention should be given to the presence of frailty, a well-described clinical entity affecting the prognosis of older patients and their QoL [57, 61] . Indeed, frail patients are more vulnerable to drug side effects for several reasons, and the prescription of L-T4 should be carefully balanced with the risk of overtreatment (e.g., excessive intake of L-T4 as a result of insufficient compliance, no proper titration of dosage at the start of treatment, etc.).
In conclusion, we could generalize that L-T4 replacement therapy is recommended for older patients (aged 65 to 75 years) in good health status with serum TSH values .10 mIU/L [9, 19] . L-T4 therapy should also be considered in clinically "fit" patients older than 75 years with actual thyroid disease and clear signs and symptoms of hypothyroidism, considering the presence of specific comorbidities (such as HF or cognitive impairment); otherwise, a proper strategy could simply be TSH value monitoring to check a possible increasing trend during time [9] . Conversely, in frail patients with serum TSH levels .10 mIU/L, more caution is recommended regardless of the age, and a wait-and-see strategy is recommended. In case of fit patients with circulating TSH value .6 and ,10 mIU/L and actual risk factors for disease progression (women and positive antithyroid autoantibody titers), the possibility of a lowdose L-T4 replacement trial could be considered; otherwise, close monitoring of thyroid function every 3 to 6 months is recommended, and L-T4 therapy could be considered in the case of a progressive increase of a serum TSH value up to 10 mIU/L and above. In frail patients younger than 75 years, with serum TSH levels between 6 and 10 mIU/L, L-T4 replacement should be generally avoided; it could be hypothesized, with extreme caution, only in the case of a progressive TSH increase up to 10 mIU/L, in the presence of positive antithyroid autoantibody titers, signs and symptoms of hypothyroidism, and concomitant diseases potentially impaired by sHT (i.e., HF). In patients with serum TSH values between 4 and 6 mIU/L, a wait-and-see strategy is generally recommended. However, in fit patients younger than 75 years, with positive antithyroid autoantibody titres, signs and symptoms of hypothyroidism, and concomitant diseases potentially impaired by mild thyroid failure (i.e., HF), a low-dose L-T4 replacement trial could be considered (Table 1) . In any case, L-T4 dosage should be titrated starting from ;0.4 to 0.5 mg/kg/d with increments by 10% to 15% after 6 to 8 weeks, if necessary, and an optimal TSH target value should be ;2.5 to 3.5 mIU/L, according to international guidelines [9, 19] . It is highly recommended, especially in the oldest olds, to monitor thyroid function over time (e.g., every 6 months) to avoid over treatment and the consequent negative impact on cardiovascular and osteomuscular systems [9, 19] .
L-T4 Administration
When orally administrated, L-T4 gets absorbed in the jejunum and ileus, 2 to 3 hours after ingestion. It is important to take into account that the administration of food and other drugs (i.e., proton pump inhibitor), together with L-T4, impairs its absorption; therefore, it is recommended to administer L-T4 either 1 hour before breakfast or 3 or more hours after dinner [9, 19] .
There are different ways of administration, depending on the pharmaceutical formulation, such as tablet, liquid, or soft gel. The formulations differ for the excipient, and the liquid or soft gel formulation could be preferred when the traditional tablets fail to normalize the TSH values. The gastrointestinal absorption is the critical event to be considered in the therapy, and it can be influenced by multiple factors of a different nature, from the patient's compliance to the therapy, to the presence of gastrointestinal diseases (i.e., gastric atrophy, Helicobacter pylori infection, lactose intolerance, or celiac disease), and/or the concomitant intake of drugs or food [62] . The most used pharmaceutical formulation for the therapy is the L-T4 tablet, and it is the first choice in the elderly patient without a swallowing problem; it is indeed possible to swap to a different pharmaceutical formulation if the normalization of the TSH values is not met, even after a careful evaluation of the current therapy. Liquid and soft gel formulations have been developed over the last years to overcome the issue as a result of the gastric absorption, even when administered together with the food. The liquid formulation seems to have a better bioavailability compared with the L-T4 tablets, whereas the soft gel is equivalent. In a recent review by Virili et al. [62] , several studies evaluating the use of liquid and soft gel formulation in different populations were considered. Few studies and case reports demonstrated the higher efficacy of the soft gel formulation compared with the tablets in patients with gastric disorders, impaired absorption, even iatrogenic, or during pregnancy [62] . These data, although interesting and promising, are not confirmed by long-term, controlled studies; therefore, some caution is necessary to tailor properly the therapy according to a patient's needs.
Whereas some studies suggest that the liquid formulation gives less variability in the TSH level under treatment, both in adults and elderly, it is important to consider that the timing of ingestion of the liquid formulation is different from the tablet; therefore, the results need to be interpreted carefully [55] . Indeed, there are patients who certainly would benefit from the use of a liquid formulation, such as those who underwent bariatric surgery, have enteric-tube nutrition, have drug-drug interference (in particular, proton pump inhibitors), or are less keen to comply with the timings of administration of the tablets in relation to breakfast or coffee [55] . In this respect, it has been demonstrated that circulating FT 4 levels, 3 and 4 hours after administration of liquid L-T4, are comparable with the levels obtained with fasting administration of L-T4 tablets [63] .
The use of combined therapy with T 4 + T 3 is still a matter of debate. A recent review of the literature examined several studies comparing different outcomes from the combined therapy compared with the classic approach [64] . When evaluating QoL, mood, and cognitive performance, few studies reported an improvement in those outcomes, but in the majority of them, no advantages were seen, and a possible placebo effect was considered worth noticing [64] . A meta-analysis conducted on 1216 subjects and evaluating several outcomes (pain, depression, fatigue, anxiety, cognitive performance, and QoL) did not find any difference between T 4 + T 3 and T 4 in monotherapy [65] . Another meta-analysis evaluating 10 randomized double-blinded studies confirmed the same outcome of no advantage with the combined therapy [66] . A limitation of the available studies is that they are all short term, not exceeding 1-year duration [64] . However, a 17-year follow-up study analyzed multiple outcomes in a population receiving T 3 , in most cases, associated with T 4 , compared with patients receiving only T 4 . The outcomes in terms of cardiovascular events, diabetes, fractures, atrial fibrillation, or death were comparable; the only difference was an increased use of antipsychotic drugs in the combined therapy population, presumably as a result of the use of T 3 [67] . Accordingly, the 2012 European Thyroid Association guidelines suggest that the combined therapy T 4 /T 3 should be used only in patients with normal TSH values reached with L-T4 alone, but with persistent complaints, and only after having educated patients about the chronic nature of their disease [68] . Moreover, the combination therapy should be avoided in pregnant women, as well as in subjects with cardiac arrhythmias, and extreme caution is required in the elderly. In the treated population, it should be stopped if there is no clinical improvement achieved after 3 months [68] .
Conclusions
Hypothyroidism is frequently observed in the elderly with an increasing trend with age. A "natural" trend in a slight TSH increase has been documented in the older population, even in subjects without documentable thyroid diseases, but an age-related TSH reference range is not available yet. Thus, it is worth the performance of an extensive thyroid evaluation in older subjects with a circulating TSH rise, especially in the oldest olds, including either laboratory tests (free thyroid hormone levels and antithyroid autoantibody titers) or thyroid ultrasound examination. This diagnostic process is aimed to assess the presence of an actual thyroid disease (Hashimoto thyroiditis, gland atrophy, etc.), which may lead to the diagnosis of sHT rather than a physiological age-related TSH elevation, although circulating TSH values .10 mIU/L should be considered clinically relevant. The choice of treatment should also depend on the presence of clinical signs and symptoms consistent with hypothyroidism, as well as concomitant comorbidities and patient compliance. Nonetheless, several data from literature warn the clinician to be extremely cautious in treating older patients, especially the oldest olds (.80 years).
In conclusion, in the clinical management of older people with sHT, not only TSH value cutoffs need to be considered, but also, the presence of an actual thyroid disease, as well as chronic comorbidities and frailty, should be taken into account. Good clinical practice implies the prescription of L-T4 on a case-by-case manner, carefully balanced by the risk of overtreatment (e.g., excessive intake of the drug as a result of mistakes in administration, no proper titration of dosage at the start of treatment, etc.). In any case, L-T4 dosage should be titrated starting from ;0.3 to 0.4 mg/kg/d, with increments by 10% to 15% after 6 to 8 weeks, if necessary, and optimal TSH target value should be ;2.5 to 3.5 mIU/L.
